Synaptic exocytosis and nervous system development impaired in Caenorhabditis elegans unc-13 mutants.
C. elegans mutants defective in unc-13 exhibited severe behavioral abnormalities including paralyzed locomotion and slow pharyngeal pumping and irregular defecation cycle. Consistent with the phenotypes, the mutants accumulated abnormally high levels of the neurotransmitter acetylcholine and were resistant to acetylcholinesterase inhibitors. The unc-13 gene was expressed in most, if not all, neurons when analyzed by using chimeric constructs consisting of the unc-13 promoter and green fluorescence protein or beta-galactosidase reporter gene. While Ca(2+)-regulated acetylcholine release is lacking, the mutants were still able to release acetylcholine in vivo and in vitro at similar levels to that mediated by the regulated mechanism. Double mutants defective in both unc-13 and other genes involved in synaptic transmission showed the Unc-13 phenotype, rather than other mutant phenotypes, in terms of locomotion as well as of acetylcholine accumulation. Furthermore, electron microscopic reconstruction of the mutant nervous system uncovered that a majority of neurons developed and connected as those in the wild type except for subtle abnormalities including inappropriate connections through gap junctions and morphological alterations of neurons. These results demonstrate that the unc-13 gene product plays an essential role at a late stage in Ca(2+)-regulated synaptic exocytosis. Neurotransmitters released through the Ca(2+)-regulated mechanism are required for, but do not play major roles in the nervous system development. The large amount of Ca(2+)-independent neurotransmitter release observed in the unc-13 mutants suggests that there may be a distinct mechanism from evoked or spontaneous release in neurotransmission.